O PTIMIZING the process of preoperative blood ordering can potentially improve operating room efficiency, increase patient safety, and decrease costs. With medical costs increasingly scrutinized and healthcare stakeholders looking for quality metrics, it is important to standardize care and reduce unnecessary laboratory testing, especially as new patient care models such as "Perioperative Surgical Home"* and "Choosing Wisely" † are introduced. Over the past decade, a number of medical societies have emphasized the need to reduce unnecessary transfusion by following evidence-based guidelines. 1-4 However, reducing the unnecessary ordering and preparation of blood components remains an area of opportunity to improve care and reduce costs.
Reducing Unnecessary Preoperative Blood Orders not include recently developed surgical procedures, and are not based on institution-specific blood utilization data. At our institution, we recently created an updated MSBOS based on institution-specific blood utilization data from more than 53,000 patients undergoing 135 categories of surgical procedures. 8 In the 2013 publication describing our methods for creating the MSBOS, 8 we hypothesized that the MSBOS would reduce the number of unnecessary blood orders and the associated costs for patients having procedures with extremely low rates of transfusion, but until now this hypothesis remained untested.
Preoperative blood ordering refers to obtaining either a type and screen (T/S) or a type and crossmatch (T/C) in anticipation of transfusion for surgical patients. With T/S, a patient specimen is sent to the blood bank, where it is typed for ABO and Rh and screened for the presence of any erythrocyte antibodies. If patients do not have antibodies and their ABO blood group has been assessed at least two times and the transfusion service has a validated computer system that contains logic to determine discrepancies, an electronic crossmatch may be performed. 9, 10 Electronic crossmatch relies on this computer system to confirm that ABO-group specific compatible blood will be provided to the patient. Since the electronic crossmatch is substantially faster than the serologic crossmatch and can be performed immediately prior to transfusion, it is likely that the improved blood ordering efficiency as assessed by the crossmatch-to-transfusion (C/T) ratio would be achieved. Today a C/T ratio of 2.0 or lower is considered ideal and can be used to benchmark clinical practice. 11, 12 The electronic crossmatch has led to another major advance in transfusion medicine, called the remote electronic blood release system (EBRS). First described over a decade ago, 13, 14 the EBRS has now evolved to become a "vending machine" for blood, located in the operating room suite, that is electronically linked by a software interface to the blood bank. Early reports of the EBRS describe multiple benefits, including a faster delivery of blood products to the patient, improved inventory control, and reduced time and effort for the blood bank staff. 13, 14 Since we introduced the EBRS simultaneously with the updated MSBOS, we attributed the changes in preoperative blood ordering practices to the combination of these two interventions.
In the present study, we analyzed blood utilization data acquired from our anesthesia information management system (AIMS) to assess changes in preoperative blood ordering practices after the introduction of both the updated MSBOS guidelines and the EBRS. We tested the hypothesis that implementing these measures would result in reductions in blood orders deemed to be unnecessary, the C/T ratio, and overall costs.
Materials and Methods
After receiving approval from the institutional review board at the Johns Hopkins Medical Institutions (Baltimore, Maryland), we analyzed data for patients who had surgery between January 2011 and October 2013. All data for surgical patients were obtained from the AIMS database (Metavision; iMDsoft, Needham, MA). We have previously described the data acquisition and data validation processes for this system. 15 During the 34-month time period, 100,789 patients underwent a procedure that required anesthesia. To avoid the confounding influence of special patient populations for whom blood ordering and blood utilization differ substantially, we excluded 22,679 pediatric patients (age <18 yr), 808 obstetrical patients, 6,707 gastrointestinal endoscopy patients, and 16,347 ophthalmologic patients. We also excluded 333 patients because of missing preoperative blood order data. We analyzed the remaining 63,916 patients to assess changes in practice over time as we implemented the new institution-specific MSBOS preoperative blood ordering guidelines and educated providers about these new guidelines.
An updated MSBOS was officially introduced July 1, 2012, approximately halfway through the time period that was studied. The MSBOS, a one-page list of surgical procedure categories and the corresponding recommended preoperative blood orders, was developed from data collected from our AIMS database using algorithms described previously. 8 Criteria included in the algorithm were (1) 5% or more of patients receiving erythrocyte transfusions, (2) Average number of erythrocyte units per patient 0.3 or greater, and (3) median intraoperative estimated blood loss more than 50 ml. The MSBOS document is included here (see fig.  1 , Supplemental Digital Content 1, http://links.lww.com/ ALN/B60). The three categories of possible blood orders were (1) no sample (no blood orders needed), (2) T/S, and (3) T/C. For the third category (T/C), the recommended number of crossmatched units is also indicated on the MSBOS. This MSBOS was the first complete blood order schedule to be published since the original schedule was published in 1976 by Friedman et al. 6 To implement the new guidelines, we appended the new MSBOS to the computerized provider order entry system. In addition, information about the new blood ordering guidelines was disseminated at Grand Rounds presentations and through email notifications to the Departments of Anesthesiology and Surgery. Also included in the educational process was an explanation of the electronic crossmatch procedure that has been in place at our institution for over 10 yr. Many of our medical providers, however, were unaware of this procedure as well as the fact that electronic crossmatching takes less than a minute to complete for patients who are eligible. After implementation of the MSBOS, from August 2012 to February 2013, preoperative blood ordering practice audits were conducted, and email feedback was sent to providers when blood orders were placed for patients having surgery deemed not to require blood orders according to the MSBOS. This message is included in the appendix. Frank et al.
PERIOPERATIVE MEDICINE
The EBRS (Hemosafe ® ; Haemonetics Corp., Braintree, MA) was introduced in May 2012, 2 months prior to release of the updated MSBOS. These remote machines are linked to the blood bank by a software interface (Bloodtrack ® ; Haemonetics Corp.) to report on use and availability of erythrocyte unit inventory. Three of these machines were activated, one for each operating room suite. Because of the 2-month training period and sequential activation of each machine, both the MSBOS and the EBRS were implemented simultaneously in July 2012. The EBRS machines were located no further than 30 m from any given operating room in the surgical suite, which allowed easy and rapid access to blood on demand.
Because the AIMS data are applicable only to those patients having procedures that require surgery and anesthesia, we used a second database (IMPACT Online ® ; Haemonetics Corp.) to assess the C/T ratio for all hospitalized inpatients (n = 136,640) over the same time period (January 2011 to October 2013). The details regarding the extraction and validation for these data have also been described previously. 16 We divided the total number of crossmatches by the total number of erythrocyte units transfused for each 1-month period and determined the percent change in the C/T ratio from the pre-to post-MSBOS/EBRS time periods by comparing the average C/T ratio for all months before release of the MSBOS/EBRS to the monthly average for the C/T ratio after release of the MSBOS/EBRS.
The analysis was designed to compare blood ordering practice for two time periods (pre-vs. post-MSBOS/EBRS), for percents of patients who had no preoperative blood ordered, T/S ordered, and T/C ordered. The incidence of transfusion with emergency release erythrocytes was also compared for the two time periods. Based on the recommended blood orders from the MSBOS, we performed a subgroup analysis for patients having surgical procedures determined by the MSBOS not to require blood orders, to assess changes in blood orders (both T/S and T/C) pre-and post-MSBOS/EBRS. An ongoing challenge in our hospital is the substantial number of blood orders placed on the morning of the surgical procedure, which we refer to here as "same-day sample" blood orders. Of concern are the patients who have antibodies present on their T/S and thus are potentially difficult to crossmatch. Such patients are at risk for having a surgical start before blood is available. The implications for patient safety are obvious, and given the urgency of completing such orders, we aimed to reduce the number of same-day orders that were considered to be unnecessary. Data were available for the period of January 2012 to January 2014 for surgical patients whose blood sample for T/S or T/C was not received until the day of the surgical procedure. We analyzed these data to determine whether the total number of sameday samples received per month changed after release of the MSBOS/EBRS. In addition, we assessed whether there was a decrease in the number of same-day blood orders considered to be unnecessary according to the MSBOS.
We calculated the total annualized cost and per-patient cost of preoperative blood orders before and after release of the MSBOS/EBRS. Since we defined costs for the purposes of this study as the cost to the payer, not to the hospital, the 2013 Medicare reimbursement rates were used for calculating these costs. This cost for an ABO type, Rh type, and antibody screen is $37.30, plus $17.96 for each erythrocyte unit that was crossmatched. ‡ These costs were then multiplied by the percent of patients for whom these tests were ordered and by the annualized number of surgical patients in the pre-and post-MSBOS time periods. To adjust for the 2.4% increase in surgical patient volume in the post-MSBOS period, we used the following formula: We conducted a second cost analysis based on the change in C/T ratio that included all hospitalized inpatients over the same time period. Although the MSBOS/EBRS implementation was specifically targeted for surgical patients, awareness and education regarding the electronic crossmatch procedure applied to the care of all inpatients; therefore, we sought to determine whether the C/T ratio for all hospitalized patients changed over time. The annualized costs (to the payer) for crossmatches for the two time periods (pre-vs. post-MSBOS/ EBRS) were compared by using the 2013 Medicare reimbursement rate. To adjust for the 6.1% increase in inpatient volume in the post-MSBOS period, we used the following formula: Reducing Unnecessary Preoperative Blood Orders (ver 9.0.0; SAS Institute Inc., Cary NC), and all hypothesis testing was two-tailed in design. Significance was defined as P value less than 0.05.
Post-MSBOS EBRS costs

Results
The surgical patient populations studied during the two time periods are compared in table 1. Some parameters had small but statistically significant differences between the two time periods. Notably, after the MSBOS/EBRS was implemented, there was a greater percent of male patients, but mean age and American Society of Anesthesiologists classification were unchanged. The MSBOS classification was determined for all patients based on the surgical procedures. Mean hemoglobin concentrations upon admission, at the nadir during hospitalization, and upon discharge were similar in the two time periods. Unexpectedly, in the post-MSBOS/EBRS time period, the percent of patients who were classified to require a T/S increased, and the percent of patients who required no sample decreased. In addition, the percent of patients who received an erythrocyte transfusion and the average intraoperative number of erythrocyte units per patient increased in the post-MSBOS/EBRS time period. This increase in both the number of patients requiring blood orders and in erythrocyte transfusion for the post-MSBOS/EBRS time period suggests that the complexity of our surgical case mix increased over time during the study period.
Changes over time in preoperative blood orders (both T/S and T/C) for surgical patients and in the C/T ratio for all hospitalized inpatients are shown in figure 1. Among patients in the MSBOS "no sample needed" category, the monthly average for percent of patients with any preoperative blood orders (either T/S or T/C) decreased by 38.1%, from 40.4 ± 1.9% (7,167 of 17,740 patients) in the pre-MSBOS/ EBRS period to 25.0 ± 3.3% (3,869 of 15,476 patients) in the post-MSBOS/EBRS period (P < 0.001; fig. 1A ). This change was accounted for by a decrease in both T/S and T/C orders. Among all surgical patients, the monthly average for percent of patients with any preoperative blood orders decreased by 17.8%, from 61.6 ± 1.9% (20,610 of 33,457 patients) in the pre-MSBOS/EBRS period to 50.6 ± 2.5% (15,412 of 30,459 patients) in the post-MSBOS/EBRS period (P < 0.001; fig. 1B ). This change was also accounted for by a decrease in both T/S and T/C orders. For all hospitalized patients, during the same time periods, the C/T ratio decreased by 27.1%. The average monthly C/T ratio was 2.11 ± 0.13 before the MSBOS/EBRS and 1.54 ± 0.07 after MSBOS/EBRS implementation (P < 0.001; fig. 1C ).
For all surgical patients, we also compared the pre-and post-MSBOS/EBRS time periods for all preoperative blood orders (T/S and T/C) and for those with no preoperative blood orders ( fig. 2A ). Compared to the pre-MSBOS/EBRS period, the percent of patients with no blood ordered was significantly greater in the post-MSBOS/EBRS period, and the percent of patients with T/S and T/C ordered was significantly lower in the post-MSBOS/EBRS period (P < 0.001).
Transfusion of uncrossmatched emergency release (type O) blood was also evaluated. Pre-MSBOS/EBRS, the rate of emergency release of erythrocyte transfusions was 2.2 patients per 1,000, and post-MSBOS/EBRS it was 3.1 patients per 1,000 ( fig. 2B ). Despite this exceedingly low incidence of emergency release blood transfusions, this increase was statistically significant (P = 0.03). Over the entire 34-month time period, 162 patients required emergency release blood, and 98 (60%) of those patients were having emergency surgery. Of those patients in the "no sample needed" category of the MSBOS, only 7 of 17,740 (0.4 in 1,000 patients) and 16 of 15,476 (1.0 in 1,000 patients) required transfusion with emergency release blood in the pre-and post-MSBOS time periods, respectively (P = 0.05). Figure 3 shows a comparison of same-day sample orders. Although the total number of same-day samples per month did not decrease, the number and percent of these 0.25 ± 1.9 0.28 ± 1.9 0.03 ASA = American Society of Anesthesiologists; EBRS = remote electronic blood release system; Hb = hemoglobin; IQR = interquartile range; MSBOS = maximum surgical blood order schedule; T/C = type and crossmatch; T/S = type and screen. Frank et al.
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blood orders considered to be unnecessary according to the MSBOS decreased over time (from 36 ± 3% pre-MSBOS/ EBRS to 26 ± 2% post-MSBOS/EBRS, P = 0.02). The number and percent of unnecessary same-day sample orders decreased even further after the audits with feedback were sent to providers (from 36 ± 3% to 18 ± 6%, P < 0.001). The calculated hospital costs for preoperative blood orders are shown in figure 4 . When cost was analyzed by using the number of surgical patients who had a T/S and T/C ordered and the 2013 Medicare reimbursement rates, the annual costs at our institution decreased by $137,223 ($6.08 per patient) after implementation of the MSBOS/ EBRS. When the annualized cost of crossmatches for all hospitalized inpatients was assessed according to the C/T ratios before (n = 67,782 annualized crossmatches) and after (n = 54,279 annualized crossmatches) the new MSBOS was implemented, the decrease in cost was $298,966 per year ($6.20 per patient).
Discussion
At our institution, we recently implemented a new MSBOS based on current institution-specific, AIMS-acquired data for 135 categories of surgical procedures. 8 At the same time we initiated an EBRS, which has been previously shown to allow faster and more efficient delivery of blood products to the patient, primarily due to the electronic crossmatch procedure and the closer proximity of blood to the operating rooms. 17 Using these two interventions, we achieved a 38% decrease in preoperative blood orders for procedures where orders were deemed to be unnecessary. In addition, the C/T ratio for the entire hospital decreased from 2.11 to 1.54 after the changes were implemented. This decrease in excessive blood ordering has resulted in an annual cost reduction of almost $300,000. These changes in practice align nicely with the goals of the American Society of Anesthesiologistsendorsed Perioperative Surgical Home and Choosing Wisely campaigns, both of which advocate for standardization of care, elimination of duplicate or unnecessary tests, and overall cost reduction.
Updating and implementing an MSBOS has substantial benefits. Since the first MSBOS was published in the 1970s, [5] [6] [7] 18 there have been numerous changes in surgical procedures and blood management, including the Reducing Unnecessary Preoperative Blood Orders introduction of laparoscopic and robotic techniques, new cautery devices, intraoperative autologous blood salvage, hemostatic agents, and a generalized improvement in surgical techniques. For example, of the 1,137 robotic radical prostatectomy procedures included in the current study, only one patient received an erythrocyte transfusion. Emergency release type-O blood, which was administered in this particular case, is associated with a 0.2% incidence of a mild delayed hemolytic reaction. 19, 20 We propose that such a reaction would occur in only two patients out of every 1,000,000 who have this procedure without preoperative blood orders (1 per 1,000 transfused × 2 per 1,000 with reaction). The likelihood of a major ABO incompatibility hemolytic reaction is greater, based on the incidence of clerical errors and the wrong unit being transfused, which is reported to occur in 1.5 per 100,000 transfused patients. 21, 22 The MSBOS clearly helps anesthesiologists, surgeons, and transfusion medicine physicians and staff to identify which surgical cases might require blood and which do not. Implementation of the MSBOS also decreased the number of unnecessary blood orders on the same day of surgery. However, we were disappointed to note that the total number of same-day surgery samples received in the blood bank did not change over time. Although we did not specifically assess these occurrences, by clearly defining ahead of time the need for blood orders, these new guidelines should decrease the number of surgical cases that do not have blood available before the surgical start time, a practice not in compliance with The Joint Commission guidelines. 23 Thus, the MSBOS may also decrease delays in starting surgical cases, 24 decrease excess ordering of laboratory tests, 18 and promote the goals of patient blood management programs.
Since methods to improve patient blood management are multifactorial, it is common to have more than one intervention occurring at the same time. We recognize that both the updated MSBOS and the EBRS interventions occurred simultaneously, and, therefore, we were unable to determine which of these contributed to the reduction in unnecessary blood orders. It seems logical to conclude, however, that the MSBOS would be more likely to reduce unnecessary T/S orders, while the EBRS, which relies on the electronic crossmatch, is more likely to reduce T/C orders and, thus, the C/T ratio. This theory is based on the MSBOS algorithm Fig. 3 . The total number of preoperative blood orders placed on the day of surgery (same-day blood sample orders) is shown for each month in the study period. Although the total number of same-day blood orders did not change over time, the number of same-day preoperative blood orders considered to be unnecessary decreased, especially after audits were conducted to inform providers when preoperative blood orders were considered to be unnecessary. MSBOS = maximum surgical blood order schedule. Fig. 4 . Annualized costs for type and screen and type and crossmatch blood orders are shown for all surgical and all hospitalized patients included in the study. After implementation of the maximum surgical blood order schedule (MSBOS) and remote electronic blood release system (EBRS), annual costs decreased by $137,223 in surgical patients ($6.08 per patient) and by $298,966 ($6.20 per patient) in all hospitalized patients. Frank et al.
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we used, which is designed to identify surgical procedures with exceedingly low transfusion rates and, thus, no need for either a T/S or T/C. The EBRS, however, along with education of providers regarding the electronic crossmatch procedure, should reduce T/C orders, since a T/C can be quickly accomplished and blood units quickly delivered to the operating room or bedside. For these reasons, we decided to assess both surgical patients and all hospitalized patients since implementation and education regarding the electronic crossmatch is relevant not only for surgical patients.
The combination of the updated MSBOS and EBRS was associated with a reduction in preoperative blood orders placed unnecessarily. Healthcare spending has increased at a faster rate than overall gross domestic product, 25 and the cost of blood transfusion has also increased dramatically over the past two decades. [26] [27] [28] The portion of total hospital costs attributable to blood transfusion varies by disease and procedure, with transfusion representing 1% or less of total costs for most conditions. 29 However, transfusion plays a more substantial financial role (5 to 9% of total hospital costs) for other medical treatments associated with higher transfusion rates, such as liver transplantation and complex cardiac and vascular procedures. Thus, it is important to identify cost-saving measures related to patient blood management, besides reducing the number of units transfused.
The C/T ratio has been used traditionally to evaluate the appropriateness of erythrocyte orders, with an optimal ratio described as less than 2. 11, 12, 30 Our interventions significantly decreased the C/T ratio, lowering it to less than 2. There are limitations, however, in using the C/T ratio. For example, patients having massive transfusion for trauma will artificially lower the ratio. Thus, it is important to keep the C/T ratio in context.
The MSBOS/EBRS intervention we describe does not appear to have compromised patient safety. In the current era of decreased staffing, the MSBOS can help providers to focus on the most critical laboratory activities. Historically, the serologic crossmatch was performed before all transfusions to ensure that the patient received the correct ABO type and that no unexpected erythrocyte antibodies were present. 9 However, as technology progressed, the antibody screen has been enhanced to be 99.99% effective in preventing transfusion of incompatible blood. 31 The electronic crossmatch has now replaced the serologic crossmatch for the vast majority of patients who have had at least two T/S samples tested and do not have any previously detected alloantibodies. 9 In one published study, no acute hemolytic transfusion reactions occurred among 161 patients receiving 581 units of uncrossmatched, type O erythrocytes. 19 In addition, delayed hemolytic transfusion reactions are rare (less than 0.5%) for transfusion of uncrossmatched erythrocytes. 20 Thus, the increase in the number of patients who received emergency release blood after implementation of the MSBOS/EBRS does not appear to have had any clinically relevant patient safety implications. Moreover, most individuals in our study who received uncrossmatched erythrocytes were trauma patients or those having emergency surgery, and the MSBOS/EBRS intervention did not change the blood orders for these types of patients. Given the very low frequency of adverse events in patients receiving uncrossmatched type O blood, 19 a study powered to compare event rates before and after our interventions would require an exceedingly large sample size. That being said, we are unaware of any patient in our series who suffered from a clinically evident hemolytic reaction.
This retrospective study of blood ordering has several limitations. First, there were small but statistically significant differences in baseline characteristics of the patients in the two time periods, due to the large number of patients in this study. A greater percent of patients required blood orders and a greater percent of patients were transfused in the post-MSBOS/EBRS period than in the pre-MSBOS/ EBRS period. This difference is suggestive of increased overall surgical procedure complexity in the post-MSBOS/EBRS time period. Nevertheless, fewer preoperative blood orders were placed in the post-MSBOS/EBRS period, with only a small increase in the use of emergency release transfusions. Although this increase was statistically significant, we believe that the clinical significance of 2 versus 3 in 1,000 patients administered uncrossmatched type O erythrocytes is negligible. Furthermore, the use of emergency release blood for patients in the "no sample needed" category of the MSBOS was only increased from 0.4 to 1.0 per 1,000 cases, and no clinically significant cases of hemolytic reactions were recognized. Another limitation is that these findings are from a single institution. Thus, further applicability of our findings may or may not be relevant for other institutions. Another limitation of the MSBOS in general is that blood orders should be modified for patients with preoperative anemia, as we suggested in our original publication. 8 Finally, the cost of an EBRS system should also be taken into account in the overall cost analysis. At our institution we calculate that the cost savings achieved in 1 yr amounts to the approximate cost of one EBRS machine. However, it is also possible that implementing the MSBOS-based blood ordering alone, without the EBRS, would also result in substantial cost savings.
The definition of the term "costs" has been debated in the literature. When considering the internal affairs of the hospital, costs often refer to the actual costs of performing a test (e.g., labor, disposables, reagents), whereas charges refer to the charge to the patient, Medicare, or a third-party payer. However, when the payer is considered, the hospitals' charges become the payers' costs, a concept that is important to consider when attempting to introduce "cost-effective" changes in practice. To avoid confusion over these terms, we use the term "costs" to indicate the cost to the payer (the Medicare reimbursement rate), not to the hospital.
In summary, implementing an updated, institution-specific MSBOS along with an EBRS has substantial advantages that include (1) decreasing the number of preoperative Frank et al.
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blood orders considered to be unnecessary, (2) reducing the C/T ratio, and (3) decreasing overall costs without evidence of impact on patient safety. In an era of cost reduction and pressure to reduce tests and procedures that are not beneficial to patient care, optimizing the practice of preoperative blood ordering is an important advance in perioperative medicine. Furthermore, by standardizing care and reducing unnecessary testing and costs, this change in practice aligns nicely with the goals of two national campaigns, Choosing Wisely and the Perioperative Surgical Home.
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Appendix. Email Message Sent to Providers Who Ordered Type and Screen or Crossmatch for Patients Having Surgical
Procedures Where These Orders Were Deemed to be Unnecessary Thank you for your vigilant care in the case listed below. We have recently identified surgical procedures that do not need type and screen (or crossmatch) based on extremely low transfusion rates. The case listed below is one of these procedures that we believe did not need blood orders unless there was significant preoperative anemia. The backup plan for these rarely transfused patients would be emergency release (type O) blood that is always available and associated with a 2 in 1,000 incidence of a minor reaction. (reference-Am J Clin Pathol 2010; 134:202-206). 20 Please see attachment of surgical procedures that do not regularly require blood ordered preoperatively.
